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@ Base etetion antenna arrangement 



iSh An antenna arTan^ement (10) for a 
^ radio base station fe provklfid with a plurality erf 
rf. Iranscelveis, hiduding one or nore antenna 
anaya (12) each comprfsing a plurality of sub- 
arrays (20) each selectively operable of toning 
e beam in azimuth. Each sut>^ay ^ provided 
with elevaCon beamtbnming means (2*) ana 
tndfvidiial transmtt and receive a"™P"fi^ 
(30^2) Each sub-array beamfonmer Is coupled 
to at least one r.f. transmitter feed (26) and each 
r.f. receiver feed Is coupled to at le^t two 
sub-airay beamfonneiB, the sub-arrays «f 
antenna array together forrnmg a miJtipltotty of 
separate substantially coincident beams in 
azimuth, A method of operation Is also dis- 
closed. 
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This invention relates to a base station antenna 
arrangement, for use in a oeHular radio connnunica- 
tions system. 

Cellular radio systems are currently in increasing 
use thnxighout the world, providing teleasowuinica- 
tions to mobile users. In order to meet the capacity 
demand, within the avaiJable frequency band alloca- 
tionp ceOula^ radio systems divide a geographic area 
to be covered into celle. Each cell is eerved by a base 
station through which the mobile stations communJ- 
cete. The available communication channels are div- 
ided between the cells such that the same group of 
channels are reused by certain cells. The distance be- 
tween the reused cells Is planned Such that the co- 
channel Interference is maintained al a tolerable lev- 

When a new cettular radio system Is Initially de- 
ployed, operators are often interested in maximising 
the uplink (mobile etation to base station) and down- 
link (base station to mobllestatlon) range. The ranges 
in many systems are u plink limited due to the relative- 
ly low transmitted power lev^s of hand portable mo- 
bile stations. Any increase in range means that fewer 
cells ore required to cover a given geographic area, 
hence reducing the number of base statfons and as- 
sociated infrastructure costs. 

The antenna used at the base station site can po- 
tentially make significant Improvements to the range 
and capacity of a cellular radio system. This invention 
provides a sectored antenna system Ih^ combines 
high Effective Isotropic Radiated Power (EIRP) with 
high reliability at bw cost 

In a known antenna arrangement a single array of 
antenna elements or several antennas are coupled 
via boamformors and combiners to a pluraiay of r.f. 
transceivers whereby a number of calls are handled 
slmuftaneously sharing the same antenna beam. One 
example of such an arrangement Is discussed In a pa- 
per presented by S C Swales and M A Beach at the 
personal and Mobile Radio Communications Conf^- 
ence, 1991, Warwick. The use of such a system leads 
to losses within the heamforming and combining 
means. Further, all the antenna elements/antennaa 
must be capable of handling the combined power of 
aU of the amplifiers whteh affects both the mean and 
peak power rating. 

In aocordanoe with the invention^ there is provid- 
ed an antenna arrangement for a cellular radio base 
station comprising at least one antenna array Includ- 
ing several antenna sub-arrays each selectivelly op- 
arable to form a beam In azimuth wherein the uplink 
signals are received by at least two sut>-anay& cou- 
pled to the l>ase station controller by respective ele- 
vation beamfonmcrs. This arrangement provides a 
simple means of Increasing the gain of received sig- 
nals. Furthemiore, this provides the advantage of a 
lossless, broadband space combination of the RF 
camera. The use of multiple sub-arrays enables a 



plurality of diverse receive paths to be obtained di- 
rectly from the antenna array. 

Preferably, the downlink Is earned by at least one 
sub-array, each sub-array being coupled to the b^e 
5 station controller by respective elevation beamfor- 
mers. By ulilteing a number of low power signals, the 
maximum effective Isotropic power may be achieved 
without resorting to laige signal amplifiers, wKh at- 
tendant power reduction and weight reduction at the 
10 masthead. A further advantage is that In using one 
transmit path per sub anray, losses due to combiners 
are reduced, when signal traffic is low. 

In one embodiment, diplexer means ere provided 
whereby each sub-array is coupled to a respective 
15 transmit and receive amplifying means - this dlows 
each antenna to operate as atransoeiver. Altarnattve- 
ly, separate sub-arrays are utilised for uplink and 
downlink communmations respeclWely, the individual 
amplifying means for each transmit sub-anray com- 
20 prising a number of low power single carrier amplif i- 
era distributed in the sub-array elevation beamfbrnv 
ing means. TTils is beneficial in that fewer Intermodu- 
latkin products are generated and the power require- 
ments are reduced. 
25 According to another aspect of the present inven- 
tion there is provkled an antenna arrangement for a 
cellular radio base station provided with a plurality of 
r.f. transceivers each for transmitting and receiving 
r.f. signals to and from the antenna via respective 
00 transmit and receive feed means for one or more 
cells, the arrangement including one or more entenna 
arrays wherein each array comprises a plurality of 
sub-arrays each selectively operable to fbnfn a beam 
in azimuth, elevation beamforming means for each 
35 Bub-array and individual transmit and receive ampli- 
fying meansfor each sub-anay, wherein eachsut>-ir^ 
ray beamfomrilng means Is coupled to at least one r.f. 
transmitter feed means and each r.f. receiver feed 
means is coupled to at least two sub-array beamf6rm- 
40 big means* Iho sub-arrays of each antenna array to- 
gether Ibnning a multiplicity of separate substantially 
coincident beams in azimuth. 

According to a further asped of the present in- 
vention there is provided a method of operating an an- 
4S tenna arrangement for a cellular radk> base station in 
a receive nnode, wherein the base station comprises 
at least one antenna array Indudtng several antenna 
sub-arrays each selectively operable to receive a 
beam in azimuth, wherein the method comprises the 
50 steps of: recehrmg radk>sl9nals from mobile transmit- 
ters using at least two sub-anays coupled to a base 
station controller; feeding the signals to single carrier 
amplifiers, whereby a plurality of diverse receive 
paths can be obtained directly from the antenna ar- 
cs ray. 

According to a still further aspect of the present 
invention there is provided a method of operating an 
antenna arrangement for a cellular rad to base station 
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bi a Iransma mode wtierein the base station comprise 
esatleast one antenna array including several anten- 
na sub-arrays each selectively operable to form a 
beam in azimuth, wherein the downlink signals are 
transmitted by at least one sub-array selectively cou- 
pled to a base station oonlroller by respective eleva- 
tion beamformers. the method ocmprising the steps 
of i) providing a signal to be transmitted by a base sta- 
tion control means to an r.f- generator to produce an 
rf- s^nal; ii) transmitting said r.f. signal via a feed to 
a selected transmit ampHfien iii) IransmltHng said r.t. 
aignat to a beamforming means; and iv) feeding the 
sub-array elements of selected sub-array. If only one 
sub-array is selected, then only a single carrier is util- 
ised to carry the signal. 

Embodiments of the Invention will nowbe doscrt- 
bed with reference to the accompanying drawings, in 
which; 

Fig. 1 is a blocK diagram of the main elements of 
a base station, 

Fig. 2 la a diagram oTa first embodiment of a mul- 
tiple sob-array antenna with separate transmit 
power amplification and recehre low noise ampli- 
fication for each sub-array. 
Fig, 3 is a diagram of a second emtjodlmerrt of a 
multiple sub-array antenna having separete 
transmit and recehro sub-arrays with distributed 
transmit power amplification for each transmit 
eut^array: and 

Fig. 4 is a diagram showing the formation of a 
muit'^noity <rf aeparate substantially coincident 
beams in odmuth from a multiple cub-array an- 
tenna. 

The main elements of a base station as shown m 
Fig. 1 comprise a mast, towor or building 10 support- 
ing antenna array(s) 12 and an assodated antenna 
electronics unit 14. which Indudes diplexers and anv 
pllf iera. The antenna electronics unit 14 Is connected 
via feeder cables 15 to the base station IB which is 
under the contml of a base station controfler 18 with 
which it communicates via a microwave link or land 
link 1 7. The base station 1 6 to provided with a number 
of r.f- transceivers 1& responsible fortransmitting and 
receiving calls handled by the antenna arTBy(s).Arep- 
resentation of a mobile station 13 Is also depicted. 

The detail ed constituents of the first embodi ment 
ai^ shown in Fig. 2. Only one of the antenna arrays 
is depicted. Each antenna array 12 comprisBS multi- 
ple But>-arrays 20 with each sub-array farmed by a 
conventional column of indhridual antenna elements 
22. The elements of each column sub-arrsy are cow- 
pled via a beamforming network 24 to a single feed 
26 for the Sub-array. The amplitude and phase rela- 
tionships imposed on the r.f, signals from and to the 
single feed by the beamformer network determine the 
elevation beam pattern of the antenna 8ut>-array for 
both transmit and receh/e. 

The transmit and reoehre signals for each eleva- 



tion beamfbrmer ara coupled to the beainfdnner via 
a diplexer 2a Filters that cover just the h«amit or re- 
ceive frequency bands respectively can be used for 
this purpose. In the transmit path the diplexers 28 ara 

5 fed from a respccUve individual single canier power 
aiTvllf ter 30. These ampUfy the r.f. signals up to the 
power levels required for transmission. In tiie receive 
path the diplexers 28 feed separate substantially 
identical low noise ampfif Iera 32. The low noise am- 

w plif ters ara required to amplify the weak received rf . 
signals prior to any system losses to establish a low 
noise figure (high sensitivity) in the subsequent re- 
ceive path. In a preferred embodiment the outputs of 
two or more of the reoolve amplifiers are combined, 

iS for cjcampl© in comblnera, to provide the maximum 
amountoTgain for receiving weaksignrffif rem mobile 

equipment 

The detailed constituents of the second embodi- 
ment are shown In Rg. 3. In this Instance separate an- 
20 tenna sub-anays 40 and 42 are required fbr transmit 
only and receiva only respectively. The receive only 
fiut>-artfays 42 are substantially the same as the com- 
bined transrrwt/recelve sub-arrays used In Rg. 2 ex- 
cept that each sub-array feeds a respective low noise 
2S amplifier 44 via a respective filter 48, covering the re- 
ceive band, instead of the dlplexer. On the transmit 
skle the single earner high power amplifier prior to the 
sub-array feed 26 of Fig. 2 is now replaced by multiple 
single canier low power amplifiers 48. Incorporated 
30 Into the branches of the sub-array beamformer feed- 
ing the 3ul>-arTay elements. 

In use In a receive mode the method of operation 
oomprises feeding to an antenna sub-anw feed net- 
work a time multiplexed signal and transmitting the 
9$ signsi through a sub-array of the antenna. By utilising 
two or mor9 sub-arrays the point In azimuth of Ih© mo- 
bile station may bo determined. In a transmit mode 
the method comprises the steps of ffee<fing to an an- 
tenna sub-array feed network a time multiplexed slg- 
40 nal which signal is transmfttcd through a sub-array of 
the antenna. By transmilUng the signal through one 
or more further antenna sub-array feed networte, 
spatial combining may be achieved. 

Other features of the Invention can now be con- 
45 sWered in mora detail and contrasted with the con- 
ventional sectorised antenna. It is not a single feature 
of the invention bvt ratherthe overall arahlbectura (the 
functions and their precise disposition) which pro- 
vides a practical and eoonomic realisation of the an- 
so tenna array* 

Aslgnificant feature of this antenna architecture 
Is the use of separate column sub-arrays which pro- 
vides several advantages over conventional planar 
affays. Both the arrangements of Fig. 2 and Rg. 3 of- 
«S f^r the advantage of lossless, broadband spots© com- 
bifiataon of the RF carriers. The amangement in Fig. 
2 offers more precise control of the elevation beam 
shape and fewer columns since each is used for both 
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transmit and receive. The amngement In Fig. 3 is pa- 
tenlially rrwre reliable in that ft uses lower power dis- 
tributed amplifiers wtth only e gradual degraitetton In 
overall performence in the case of individual amplifier 
failure. 

The use of multiple linear sub-amays enables a 
plurality of diyerse receive paths to be obtained di- 
rectly from the antenna anay. The number of $ub-ar^ 
rays required can be tailored, according to the level 
of diversity that can be accommodated by the rest of 
the system. Should this result In more sub-aneys than 
there are transrrtitters to be supported by each anten- 
na array, then the transmit side can be depopulated 
as necessary. Multiple dWerse receive paths can be 
combined in several ways each of which adds varying 
amounts of diversity gain to Improve the uplink. More- 
over, It Is not necessary that aU the sub-arrays are env 
ployed, since the use of tv«> sub-arrays would provide 
a minimum level of leceh^e diversity. 

For medium to low transceiver capacity there is 
no longer a requirement for combiners. Fig. 4 shows 
how the use of separately amplified sub-arrays 40,42 
provides a substantially coincident combination of 
beams in space 50a-d. Physical combiners have an 
inherent loss associated with them; the theoretical 
loss incurred by inoiuding a four way combiner is 6dB. 
Spatial combining by comparison is a relatively loss- 
less technique. In current systems the amplifiers 
would also be situated at the base of the mast, hence 
extra loss would also be incun^ In the cabling re- 
quired to the antenna array. Utilising single carrier 
amplifiers for transmission and moving the amplifiers 
to the masthead, thereby removing the need for lossy 
combiners, enables a higher EIRP to be achieved. 
Thia lncreases the range and in dense urban areas* 
buikfing penetration of the system because in a con- 
ventfonal arrangement^ power is lost in the combiner. 

The use of spatial oombining also means that 
each column of the array only has a single carrier 
present at any one time in the transmit mode- That is 
to say, on the downlinlc. one transmit path per time 
slot Is allocated to each eub-array This Is t>enef icial in 
that fewer intermoduiatlon products are generated 
and the powerrequirenients are reduced for the same 
output as a conventional scheme. In the event of a 
mains powerf^lure, this feature would be particularly 
stgnlf leant. Since the batteries provided for such cir- 
cumstances will remain oparatlonat for a longer peri- 
od. In a conventional oomb&ier system the antenna 
elements must be capable of tiandling the combined 
power of all the amplifiers affecting both the mean 
and peak power ratings of the antenna. In the present 
invention each sub-array has only to be capable of 
handling Uie power from one amplifier and thus pow- 
er losses due to ttie use of coml^ners are al>senL For 
the example shown In Fig. 4 the mean power rating 
would be reduced by a fector of 4, The combination 
of features of the invention allows a higher EIRP to be 



achieved, improving the downlink to mobiles, whilst 
utilising cheaper antenna oonstruc^ion techniques 
and Improving the reliability. In order to provide spa- 
tially combined slgnala, then several signals along 
5 different transmit paths are employed from the sub- 
arrays. Conventionally, the signals from several 
transmitters are combined prior to being fed to the an- 
tenna or antenna array with the use of a physical com- 
biner. 

io The invention can be realised by several sepa- 
rate column or arrays to achieve spatial diversity, 
however, the use of multiple linear arrays could cause 
aesthetic and structural problems if phyalcaliy inde- 
pendent amays were to be useA This potential prob- 

f 5 lem is overcome in a preferred embodiment by com- 
bining all the sut>-arrays for a single array into one 
physical structure with ore radome and dipiexing 
transmit and receive through a common aperture, 
lypically, an antenna array comprises 4 columnar 

20 sub-arrays housed in a 2m higri by O.em wide enclo- 
sureorradome. More aub-arrays can be provided, but 
a balance needs Io be maintained between the use of 
aesthetically pleasing arrangements and the aystem 
requirements. Note that the antennae need not l>e 

25 provided by transceivers and may be dedicated to the 
up-and-down links as appropriate; for instance, the 
downlink could be prcvided by a separate omnl- 
direotional antenna. In this way the outline of the an- 
tenna, fOr reasonable beamwidth. is less than that of 

JO many conventionel cell sites. For cells requiring omni- 
directional coverege in azimuth three or four annays 
as described above can be mounted in juxtaposition 
with regular angular orientation aboutaoommon sup^ 
port means. 

9S The number of sub-arrays employ ad need not pri- 

marily be provided to alk>w a corresponding number 
of signals to be transmitted, but rather that uplink sig- 
nals from low power mobile stations can provide 
stronger received signds at the base etation. New 

4C technologies such as digital signal processing ane 
used in conjunction with oomblner algorithms, where- 
as svt^ch type algorithms have previously been used. 

With the use of an optimal combiner see (GB- 
942153ai), antennas can be placed dose together 

45 v/hilst still achieving diversity or gain rather than hav- 
ing the sub^nnBys/further antenna being placed e.g^ 
SO wavelengths apart Thus a compact antenna 
structure can I>g provided, in a compact anterina 
stnicturdt the uplink does not rely on the correlation 

50 between the dements and adaptive beamforming is 
employed. 



Claims 



An antenna anrangement {1 0) for a cellular radio 
base station comprising at least one antenna ar- 
ray (12) Including several antenna sub-an-ays 
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<20) characterised in that each &njt>-army is selec- 
tively operable to form a beam en azimuth where- 
by the uplink signals «re receh^d by at least two 
sub-armys selectively coupled lo a ba$e station 
controller (18) by respective elevation beamfor- 
mers (24). 

2. An antenna arrangement according to dalm 1 
characterised in that the downlink id carried by at 
least one sub-airay (22), each aub-airay being 
coupled to the base station controller by respeo- 
live elevation beamforniers. 

3. An antenna arrangement according to daim 1 
charaoteriaed in that each $ub-array is coupled to 
a respective transmit and receive amplifying 
means by dipiexer means (28). 

4. An antenna arrangement according to claim 1 
characterised in that separate aub-annays (40,42) 
are utilised for uplink and downlink oommunica- 
tiona respectively, the individual amplifying 
means for each transmit sub-array comprising a 
number of low power single canier ampHflers (44) 
distributed in Che sub-array elevation beamform- 
Ing means. 

6, An antenna arrangement (10) for a celiuiar radio 
base station comprising a plurality of r.f. trans- 
oeivere (12) each for transmitting and receiving 
rf. signals to and from ths antenna via respective 
transmit and receive feed nteana (15) for one or 
more calls, the arrangement Including one or 
mm antenna anays (12) characterised in that 
each array comprises a plurality of sub-arraya 
each selectively operable to form a beam in azi- 
muth, Bievatton beamfbrming rneans {4Q for 
each sub-array and Indhrfdua! trHnsmIt and re- 
ceive amplifying means (30,32,44,42) for each 
sub-array, wherein each 6Ul)-array beamforming 
means (46) is coupled to at least one r.f. transmit, 
ter feed means and each r.f. receWer feed means 
is coupled to at least two sub-array beamforming 
means, the sub-arrays of each antenna array to- 
getherlbnnlng a irwltiplidty of separate substan- 
tially coincident beams in azimuth. 

6. An antenna arrangement according to dalm 5 
characterised in that each sub-arrsy is coupled to 
a respective transmit and receive amplifying 
means by dipiexer means (26). 

7. An antenna arrangement according to dalm 6 
characterised in that the plurality of sub-arrays 
comprises pairs oT aeparate sub-arrays (40.42) 
for transmission and reception respectively, the 
individual amtSilf^ng means for each transmit 
sub-array comprising a number of low power sln- 
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gle carrier ampfifiers (44) distributed In the 
branches of the sub-army elevation beamf&rmlng 
network. 

B. An antenna arrangement acoordSng to any pre- 
ceding claim characterised in that a plurality of ar- 
rays is arranged in juxtaposition with regular an- 
gular orientation about a corrvnon support struc- 
ture. 

9. A method of operating an antenna arrangement 
for a cellular radio base station in a receive mode, 
wherain the base station comprises at least one 
antenna array including several antenna sub-ar- 
rays each capable of receiving a beam In azimuth 
wherein the method comprfeea the step of receiv- 
ing radio signals from mobile transmitters using 
at least two sul>-arrays coupled to the base sta- 
tion controller, feeding the signals to single carri- 
er amplif lere whereby a plurality of diverse re- 
oehre paths can be obtained directly from the an- 
tenna array. 

10. A rr^lhod of operating an antenna arrangement 
for 3 cellular radio base station in a transmit 
mode, wherein the base station comprises at 
least one antenna ^ray Including several anten- 
na 8Ul>-array6 each selectively operable to form 
a beam In azimuth, wherein the downlink signals 
are transmitted by at least on© sub^an^y seleo- 
Itvely coupled to a baae statk>n controller by re- 
spective elevatiort beamfbrmera, the method 
comprising the steps of i) providing a signal to be 
transmitted by a base station control meana to an 
r.f. generator to produce an ri, signal; li) transmit- 
ting said r.f* signal via a feed lo a aelectad trans- 
mit amplifier; iii) transmitting aaW r.f. signal to a 
beamfoiming means; and Iv) feeding the sub-ar- 
ray elements of selected sub-array. 
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□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SJDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GR.\Y SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMHTED ARE POOR<}UALrrY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



